Aim: It is important to develop simple, reliable methods to identify high-risk individuals who may benefit from intervention. This study investigated the association between the triglyceride to high-density lipoprotein cholesterol (TG/HDL) ratio and cardiometabolic risk, cardiorespiratory fitness and physical activity in children. Methods: Anthropometric, biochemical parameters, cardiorespiratory fitness and accelerometry determined physical activity were assessed in 155 children (80 girls) from 10 to 14-years-of-age from Bedfordshire, UK. Participants were grouped into high and low TG/HDL ratio groups, according to published thresholds. MANCOVA and logistic regression were used in the analysis. Results:
Introduction
There is growing interest in identifying cardiovascular risk factors at an early age as obesity (1) , impaired glucose metabolism (2) and high blood pressure (3) in childhood are associated with increased risk of cardiometabolic disease in adulthood. It is important to develop simple and reliable methods that can be used in clinical practice and community settings to identify high-risk individuals who may benefit from lifestyle interventions.
Dyslipidemia is predictive of cardiovascular disease in adults and lipoprotein ratios have greater predictive value than isolated parameters used independently (4) . The triglyceride to high-density lipoprotein cholesterol (TG/HDL) ratio identifies adults with dyslipidemia, insulin resistance and cardiovascular disease (5, 6) . Lipid parameters are associated with atherosclerosis in children (7) , but the clinical and prognostic value of the TG/HDL ratio is unclear. Hannon et al (8) reported a receiver operation characteristic (ROC)-generated threshold for the TG/HDL ratio (≥3) related to insulin sensitivity in overweight adolescents. To the authors' knowledge, no study has tested the ability of this threshold to identify the presence of cardiometabolic risk factors in children. Furthermore, there appears to be no data concerning the association of the TG/HDL ratio to cardiorespiratory fitness (CRF) and physical activity (PA) in children. This is important as low levels of CRF and PA have been linked with adverse cardiometabolic risk in children (9, 10) and such data may thus help focus interventions.
This study therefore investigated the odds of having individual and clustered cardiometabolic risk factors using a published ROC-generated TG/HDL ratio threshold and explored associations with PA, sedentary time and CRF.
Patients and Methods

Sample
Baseline data was analysed from 155 schoolchildren (80 girls) from 10 to 14-yearsof-age who took part in the Health And Physical Activity Promotion in Youth (HAPPY) study. Participants were recruited on a voluntary basis from local schools in Bedfordshire, UK. Participants were excluded if they had any contraindications to taking part in physical exercise or any known blood borne disease. The study was approved by the University of Bedfordshire ethics review board and written informed consent was obtained from parents and verbal assent from the children before any testing procedures. Informed consent followed the principles outlined in the Declaration of Helsinki.
Procedures
Age in years was recorded as a decimal value for each participant. Ethnicity was recorded as white or non-white. Home postal codes were used to generate indices of multiple deprivation (IMD) scores, which indicated area-level socio-economic status relevant to where the children lived (11) .
Stature and waist circumference at the umbilicus were recorded to the nearest 0.5cm using the portable Leicester Height Measure (Seca, Birmingham) and an adjustable tape measure (Hoechstmass, Sulzbach, Germany), respectively.
Body mass and percentage of body fat were recorded to the nearest 0.1kg and 0.1%, respectively, using the Tanita BC-418® segmental body composition analyzer (Tanita Corp., Tokyo). Body mass index (BMI) was calculated using the equation:
). UK 1990 reference values were used to calculate z-scores for BMI (12) .
Sitting blood pressure was measured (Omron M5-I automated oscillatory device, Omron Matsusaka Co. Ltd., Matsusaka, Japan) after the participant had rested for five minutes. Three blood pressure readings were obtained and the average for the lowest two readings recorded. Fasting blood samples were obtained using a finger prick method and analysed using the Cholestech LDX analyser (Cholestech Corp., Hayward, CA.) to provide a valid measure of total cholesterol, HDL, triglycerides, and blood glucose levels (13) . The TG/HDL ratio was calculated using the equation: triglycerides (mg/dL) ÷ HDL (mg/dL). Participants were required to have fasted from 9pm the night before measurements were taken. Body composition and blood measurements were taken between 8am and 10am.
To determine CRF, participants completed an age-and sex-specific all-out progressive cycle ergometer test to exhaustion using a previously validated protocol (14) and this took place a minimum of 90 minutes after a breakfast snack was consumed. A total of146 participants met the criteria for a maximal CRF test effort:
final heart rate ≥185 bpm and subjective observation from the researcher that the child could not continue (9) . Power output in watts was calculated as being equal to
. t/180), where W 1 was work rate at fully completed stage, W 2 was the work rate increment at final incomplete stage and t was time in seconds at the final incomplete stage. VO 2max was calculated using previously described formulae (10) and expressed as mL per kilogram body mass per min (mL/kg/min). were included for data analysis if they had worn the accelerometer for a minimum of three days (16) and acquired a minimum daily wear time of nine hours for weekdays (16) and eight hours for weekend days (17) . Valid PA data was provided by 103
participants. There were no differences in anthropometric, cardiometabolic risk and CRF variables between children who did, and did not meet, the accelerometer wear time criteria (p>0.05).
Definition of terms
A high waist circumference was defined as ≥90 th percentile for age and sex according to published reference curves (18 active children who met current UK government guidelines, while those who did not reach this threshold were considered inactive (23) . A high TG/HDL ratio was defined as ≥3 (8) .
Statistical analysis
All analyses were completed using SPSS version 19.0 (SPSS Inc., Chicago, IL. 
97).
The multivariate adjusted ORs (and 95% CIs) for having adverse cardiometabolic risk factor levels across the TG/HDL ratio groups are presented in Table 2 . Participants with a high TG/HDL ratio had significantly higher odds of having a high waist circumference, elevated systolic blood pressure, high non-HDL, and ≥2 risk factors compared to those with a normal TG/HDL ratio. 
Discussion
The primary finding of this study was an association between a high TG/HDL ratio and adverse cardiometabolic risk profiles in children. Such lipid markers are standardised and easily obtained in clinical and non-clinical settings and, in the context of these findings, highlights the potential application of this lipid ratio to identify children who could be targeted for intervention.
Children with a TG/HDL ratio of ≥3 had higher fatness and cardiometabolic risk factor levels. When stratified into tertiles, increased levels of risk factors, arterial stiffness, and preclinical signs of liver and cardiac abnormalities were observed across TG/HDL groups in children (24) (25) (26) . However, this method of stratification is only meaningful to the sample it is testing and analyses using ROC-generated thresholds are needed to identify clinically relevant cut points. In overweight children, an ROC-generated TG/HDL ratio threshold of ≥3 was identified in relation to insulin sensitivity and children with values above this threshold presented higher visceral fat and total cholesterol levels and lower adiponectin levels (8) . An ROCgenerated threshold of ≥3 was also previously identified in children in relation to insulin resistance and was linked with increased blood pressure, blood glucose, and lipids (27) .
Although these data provide evidence of linear associations between the TG/HDL ratio and risk factors, the current study additionally provides evidence supporting the use of an ROC-generated TG/HDL threshold to detect the presence of cardiometabolic disorders according to proposed health-related thresholds. The odds of having individual and clustered risk factors were higher in those with a TG/HDL ratio ≥3, independent of adiposity. A longitudinal study over 13 years reported that adolescents with an elevated TG/HDL ratio were more likely to express a proatherogenic lipid profile in adulthood (28) . Given the growing amount of cross-sectional data supporting the clinical usefulness of the TG/HDL ratio (8, (24) (25) (26) (27) , additional longitudinal studies may further support the use of this lipoprotein ratio to identify those at risk of cardiometabolic disease, or dyslipidemia in particular, and replace high triglycerides and low HDL in the definition of the metabolic syndrome, as suggested previously (24). This is the first study to explore the association between PA, sedentary time, and CRF and the TG/HDL ratio. There was no relationship between the TG/HDL ratio and any PA or sedentary variable. Furthermore, TG/HDL ratio levels did not differ between active and inactive children. Although associations between triglyceride levels and PA in children have been observed previously (9), the same is not apparent for HDL (9) and this may explain the lack of association between PA and the TG/HDL ratio. PA has been linked with other cardiometabolic risk factors in children (9), though, and the potential health benefits of this behaviour should thus not be neglected.
The TG/HDL ratio was significantly lower in those with high compared to low CRF. This is an important finding given the literature that has reported decreases in childhood CRF in recent years (29) and that CRF during youth is related to cardiometabolic risk profile in adulthood (30) . Previous studies have observed associations between CRF, HDL and triglycerides (9) and reduced clustered cardiometabolic risk in children with high CRF (10) . It may thus be desirable to focus attention on increasing CRF in an attempt to reduce cardiometabolic disease risk.
Limitations of this study include the cross-sectional design and, thus, the direction of causality cannot be determined. It is possible the strength of association between the TG/HDL ratio, cardiometabolic risk, and CRF may differ when employing alternative proposed thresholds. However, it is unknown which thresholds present the greatest risk for future adverse health outcomes. Due to the small sample size, it was not possible to produce an ROC-generated cut point for the TG/HDL ratio in this study. The effects of maturation on cardiometabolic risk
were not controlled for, however, previous research has shown increased cardiometabolic risk in children with a TG/HDL ratio threshold of ≥3 regardless of pubertal stage (27) . Other potentially confounding factors that were not accounted for include pregnancy, oral contraceptive pills, tobacco use, and presence of type 1 or type 2 diabetes.
Children who achieved ≥185 bpm when terminating the CRF test were included for analysis, yet this may not be a maximal effort for all children and the mean values for CRF may be slightly underestimated. However, it is unlikely that this will affect the observed associations between CRF and the TG/HDL ratio.
Measuring PA using accelerometry presents another limitation. There is no standardised method for reduction of accelerometry data and the variations in which PA data is measured and expressed can affect outcome variables and conclusions within studies.
In conclusion, the TG/HDL ratio was associated with cardiometabolic risk in this sample of children and may thus be suitable for identifying those who may benefit from health promotion interventions. Longitudinal data that determine whether a high TG/HDL ratio in childhood is linked with disease risk in adulthood are required to confirm the efficacy of this lipoprotein ratio as a screening tool. 
